Chemical context
Crystal structure determinations of small molecules have often revealed interesting features that have direct relationships to their predicted structures. In this context, the display of chlorine-methyl and benzene-thiophene exchange rules in the close-packing model of organic molecules (Kitaigorodskii, 1973) may be regarded as crucial to crystal engineering studies. In the present study, the crystal structures of two closely related heterocyclic analogues which differ only by a chlorine-methyl substituent, viz. diethyl 1-(4-chlorobenzyl)-4-(4-chlorophenyl)-2,2-dioxo-3, 4,6,7,8,8a-hexahydro-1H-pyrrolo[2,1-c] [1, 4] thiazine-1,3-dicarboxylate (I) and its isomorphous pair diethyl 1-(4-methylbenzyl)-4-(4-methylphenyl)-2,2-dioxo-3, 4,6,7,8,8a-hexahydro-1H-pyrrolo[2,1-c] [1,4]thiazine-1,3-dicarboxylate (II) have been determined. Interestingly, (I) and (II) are found to obey the chorine-methyl exchange rule and hence are isomorphous and isostructural. While there is evidence that the Cl-Me rule based solely on the size of the substituent need not always be valid (Jones et al., 1981; Gnanaguru et al., 1984) , it has been observed as a valid proposition for large, irregularly shaped molecules (Desiraju & Sarma, 1986) . Although crystal-packing inter- ISSN 2056-9890 actions in large irregularly shaped molecules such as (I) and (II) are not entirely based on geometrical considerations, the role of intermolecular interactions in such pairs of structures seems far from being complex with striking similarities involving the strongest among them. In some of our earlier structure determinations to ascertain the validity of exchange rules, two obeying the chloro-phenyl exchange (Rajni Swamy et al., 2013; Rajni Swamy, 2016) and another obeying the benzene-thiophene exchange (Rajni Swamy, 2016) have been observed.
Both (I) and (II) are thiazine derivatives that may potentially exhibit pharmacological activities in view of the presence of nitrogen and sulfur atoms as constituents of the fused pyrrolothiazine ring (Moriyama et al., 2004; Koketsu et al., 2002; Rai et al., 2013) . Derivatives of thiazine have been shown to exhibit calcium antagonist activities (Erker, 1998) and various inhibitory activities on central nervous system (Grandolini et al., 1997; Malinka et al., 2002) . Pyrrolothiazine derivatives have been employed as anti-inflammatory, antifungal and anti-microbial agents (Armenise et al., 1991; Armenise et al., 1998) . The present work reports the detailed description of the crystal structures of (I) and (II) along with Hirshfeld surface analysis of their respective intermolecular interactions.
Structural commentary
The molecular structures of the title compounds differ from each other only by a chlorine atom in (I) being replaced by a methyl group in (II). The replacement has not effected changes in their unit-cell parameters, lattice type and space group, indicating that structures (I) and (II) are isomorphous in nature ( Figs. 1 and 2 ). The pyrrolo ring (N1/C2-C5) in compound (I) adopts a twisted conformation on N1-C2 with puckering parameters Q(2) = 0.3604 (19) Å and ' = 191.2 (4) . However, in compound (II) the twisted conformation is observed on the C5-N1 bond with Q(2) = 0.377 (2) Å and '(2) = 169.3 (4)
. The Cremer and Pople puckering parameters of the six-membered heterocyclic ring in (I) are Q = 0.6441 (15) Å , = 8.51 (14) and ' = 95.8 (8) , close to a chair conformation ( 1 C 4 ), which is comparable with the values of Q = 0.6511 (16) Å , = 9.53 (15) and ' = 97.5 (7) for (II). The dihedral angle between the planes of the thiazine and pyrrolo rings is 6.68 (10) in compound (I) compared with 8.06 (11) in (II). Similarly the thiazine ring and the chloro-substituted benzyl ring (C21-C26) in (I) subtend a dihedral angle of 78.61 (9) [79.48 (9) for the methyl-substituted benzyl ring (II)]. The terminal methyl carbon atom C10 deviates from the plane involving the carboxyl group (C7/C8/O3/O4/C9) by 1.371 (3) Å in compound (I) and 1.409 (3) Å in compound (II). Similarly the methylcarbon atom C19 deviates from the C1/C17/O5/O6/C18 plane by 1.246 (3) Å in (I) and 1.203 (3) Å in (II). The dihedral angles between these two planes are 12.73 (10) and 12.07 10) in compounds (I) and (II), respectively.
Supramolecular features
The crystal packing of both compounds (Figs. 3 and 4) features C-HÁ Á ÁO hydrogen bonding (Tables 1 and 2 ) andinteractions. The C-HÁ Á ÁO interactions, which are similar in strength and geometry, involve only one of the two dioxo oxygen atoms, viz. O1. The non participation of the other oxygen atom (O2) cannot be explained from the viewpoint of intermolecular interactions whereas the absence of such Displacement ellipsoid plot (50% probability level) of title compound (II), showing the atom-labelling scheme.
Figure 1
Displacement ellipsoid plot (50% probability level) of title compound (I), showing the atom-labelling scheme.
interactions involving O3 and O5 may be attributed to steric factors arising from an unfavourable packing geometry. In both crystals, molecules are connected into inversion dimers via pairs of weak C-HÁ Á ÁO hydrogen bonds, forming R 2 2 (14) graph-set motifs. These dimers are further connected via weak C-HÁ Á ÁO interactions into chains running along [011] . A parallel-displaced -stacking interaction is observed in both compounds between the C21-C26 benzyl rings. In (I), CgÁ Á ÁCg(1 À x, Ày, 2 À z) = 4.0485 (13) Å , with a slippage of 1.749 Å [for (II), CgÁ Á ÁCg(1 À x, 2 À y, 2 À z) = 4.0554 (14) Å , slippage of 1.711 Å ] where Cg is the ring centroid.
Hirshfeld Surface Analysis
Hirshfeld surface analysis is a graphical tool to investigate the packing modes and nature of prominent intermolecular interactions in crystal structures. The Hirshfeld surfaces (Spackman & Jayatilaka, 2009 ) and the associated twodimensional fingerprint plots were generated using CrystalExplorer 3.0 software (Wolff et al., 2012) . In the present work, the nature of the intermolecular interactions in the two structures is similar because of their isomorphism. The Hirshfeld surfaces mapped with shape-index together with decomposed fingerprint plots for (I) and (II) are shown in Figs. 5 and 6, respectively. In both the structures, the molecules participate in weak C-HÁ Á ÁO hydrogen bonds, which are indicated by red spots on the surface plots. The OÁ Á ÁH/HÁ Á ÁO intermolecular interactions appear as distinct sharp spikes in the fingerprint plots. The area between the spikes corresponds to the HÁ Á ÁH contacts, which account for nearly 46.7% of the surface in (I) and 70.6% in (II). The ClÁ Á ÁH/HÁ Á ÁCl interresearch communications Table 1 Hydrogen-bond geometry (Å , ) for (I). Table 2 Hydrogen-bond geometry (Å , ) for (II). 
Database survey
A search in the Cambridge Structural Database (CSD Version 5.39, update November 2017; Groom et al., 2016) for the skeleton of the title compound without chlorine or methyl substitution for which 3D coordinates were determined with no disorder, no ions and no other errors, with R factors less than 0.05 revealed only one structure, with refcode EXIYAM (Chitradevi, et al., 2011) . A search on 4-thiomorpholine-1,1-dione gave five hits with refcodes EXIYAM, IDOGIT (Chitradevi et al., 2013), IJULAB (Sugumar et al., 2011) , NEVCUN (Indumathi et al.,2007) and ZEXYEG (Krishnaiah et al., 1995) .
Synthesis and crystallization
A mixture of ethyl 2-[(2-ethoxy-2-oxo-ethyl)sulfonyl]acetate (1.6 mmol), aromatic aldehyde (3.2 mmol) and pyrrolidine (1.6mmol) was dissolved in ethanol (10 mL), heated until the solution turned yellow and stirred at room temperature for 2-5 days. After completion of the reaction, the crude product was purified using flash column chromatography on silica gel (230-400 mesh) with petroleum ether and ethyl acetate mixture (95:5 v/v) as eluent (Indumathi et al., 2007 Computer programs: APEX2 and SAINT (Bruker, 2009) , SHELXS2013 (Sheldrick, 2008) , SHELXL2018 (Sheldrick, 2015) , PLUTON (Spek, 2009 ) and publCIF (Westrip, 2010) . 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . In both compounds, the carbonbound H atoms were placed in calculated positions (C-H = 0.93-0.97 Å ) and were included in the refinement in the riding-model approximation, with U iso (H) set at 1.2-1.5U eq (C). 
Computing details
For both structures, data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009 ); data reduction:
SAINT (Bruker, 2009 ); program(s) used to solve structure: SHELXS2013 (Sheldrick, 2008 ). Program(s) used to refine structure: SHELXL2016 (Sheldrick, 2015) for (I); SHELXL2018 (Sheldrick, 2015) for (II). For both structures, molecular graphics: PLUTON (Spek, 2009) ; software used to prepare material for publication: publCIF (Westrip, 2010) . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. O2-S1-O1 118.25 (7) C9-C10-H10B 109.5 O2-S1-C7 107.77 (7) H10A-C10-H10B 109.5 O1-S1-C7
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
109.55 (7) C9-C10-H10C 109.5 O2-S1-C1
112.24 (7) H10A-C10-H10C 109.5 O1-S1-C1
105.24 (7) H10B-C10-H10C 109.5 C7-S1-C1
102.68 (7) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

